Regioselectivity of ferrocenylalkylation reaction of mercaptoheterocycles with ferrocenylcarbinoles in biphasic aqueous-organic media was studied. The structures of compounds were assigned on the basis of NMR spectra and 1 H/ 13 C heteronuclear correlations. X-ray determination of molecular structures of 1-(ferrocenyl(phenyl)methyl)pyrrolidine-2-thione 5f, 4,5-dihydro-1-(1-ferrocenylmethyl)-1H-imidazole-2-thiol 7a and 4,5-dihydro-1-(1-ferrocenyl-2methylpropyl)-1H-imidazole-2-thiol 7e were carried out. 
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(ferrocenyl(phenyl)methyl)pyrrolidine-2-thione 5f, 4,5-dihydro-1-(1-ferrocenylmethyl)-1H-imidazole-2-thiol 7a and 4,5-dihydro-1-(1-ferrocenyl-2methylpropyl)-1H-imidazole-2-thiol 7e were carried out. 
Introduction
Ferrocene-containing heterocyclic compounds with great success have proved themselves as potential medicines for the treatment of diseases of various origin. [1] [2] [3] The presence of an antitumor effect in heterocyclic ferrocene derivatives is most relevant, because an effective and low-toxic anti-cancer drug has not yet been invented. Numerous in vivo and in vitro tests carried out by our group together with biologists have revealed a pronounced antitumor cytostatic effect of heterocyclic ferrocene derivatives. [4] [5] [6] [7] [8] Moreover together with biologists from Lomonosov Moscow State University (Russian Federation) identified a sonodynamic effect (activity under the influence of ultrasound) of ferrocenylheterocyclic porphyrins was revealed in relation to the cells of S. aureus (Staphylococcus aureus). 9 A convenient synthetic method for the production of heterocyclic ferrocene derivatives is the alkylation of azoles by hydroxy(alkyl)ferrocenes (FcCH(R)OH) (1 a-e) in a two-phase aqueous-organic system (watermethylene chloride) during the catalysis with a strong mineral acid with a non-oxidizing agent (HBF 4 ). Previously the alkylation of unsymmetrically substituted heterocycles with ferrocenylcarbinols was carried out. Our team reported recently that the reaction proceeded regioselectively if there was a significant difference in the electronic effects of the substituents on a heterocycle. 10 However, the regioselectivity of the alkylation of ambident nucleophiles has not been adequately studied. This article is a continuation of our research in ferrocenylalkylation of sulfur-containing heterocyclic compounds 11 and dealing with a study of these reactions regioselectivity. Pyrrolidine-2-thione (2) 2-mercaptopothiazoline (3), and imidazolidin-2-thione (4) were chosen as ambident nucleophiles since they are pharmacophore groups and have a wide range of biological activity. [12] [13] [14] The choice of heterocycles is not accidental, because they are part of many biologically active substances of natural origin and pharmaceuticals.
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Results and Discussion
The development of new efficient synthetic approaches towards ferrocene-containing heterocycles for the design of new biologically active compounds is still an ongoing challenge to organic chemists. Introduction of ferrocenylalkyl moiety into different structures can be achieved by ferrocenylalkylation; however, regioselectivity of this reaction is still poorly studied. Earlier we have described phase-transfer catalyzed alkylation of aromatic mercaptoheterocycles with ferrocenyl carbinols. 21 It has been shown that the reaction is regioselective and proceeds on nitrogen atom of heterocycle. This was somewhat surprising, because sulfur is considered to be the best nucleophile relative to nitrogen, and in addition, alkylation at the nitrogen atom in 2-mercaptobenzoxazole and 2-mercaptobenzothiazole results in a loss of aromaticity in the reaction products. Furthermore, quantum chemical calculations show that N-isomers are more thermodynamically stable than the corresponding S-isomers. 11 Moreover, it was shown that under solvation conditions substitution at the nitrogen atom is always more favorable than substitution at the sulfur atom in aromatic heterocycles. This article is devoted to the study of ferrocenylalkylation regioselectivity of such non-aromatic heterocycles as pyrrolidin-2-thione, 2-mercaptothiazoline and imidazolidin-2-thione under the conditions of phase-transfer catalysis.
Reactions of α-hydroxyalkylferrocenes with different nucleophilic compounds proceed most efficiently in two-component system, such as liquid-liquid. The reaction of equimolar amounts of α-ferrocenylcarbinoles and heterocycles is carried out with vigorous stirring at room temperature. Two-phase system consists of an organic solvent (CH 2 Cl 2 ) and aqueous solution (45%) of a tetrafluoroboronic acid. Under these conditions reactions proceed predominantly at the organic inorganic interface. Methylene dichloride contains the It is found that all reactions proceed regioselectively at the heterocyclic nitrogen atom. Ferrocenylalkylation reaction in acidic media using ferrocenylcarbinols as alkylating agents started with formation of thermodynamically stable α-ferrocenium carbocation, which is relatively hard Lewis acid, efficiently react with somewhat harder basic center, in our case, with the nitrogen atom. Furthermore in our previous paper 11 Ferrocenylalkylation of imidazole under the acid catalysis conditions in a two-phase aqueous-organic medium is impossible because of its high basicity, as a result of which the protonated imidazole salt is the single product of the reaction. Consequently, a method was developed for obtaining ferrocenylalkyl imidazoles based on the interaction of ferrocene alcohols with carbonyl-or thionyl-diimidazoles. 21 In contrast to imidazole and benzimidazole mercaptoimidazole and mercaptobenzimidazole are less basic so its ferrocenylalkylation possible under acid catalysis. In our early works ferrocenylalkylation was carried out in acetone using CF 3 COOH as a catalyst, 22 in our work we carried out the alkylation in a two-phase system.
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Structures of the reaction products (7 a-c,e,f) (Scheme 3) were established by 1 H-13 C heteronuclear correlation experiments, moreover structures of the two compounds were established by the X-ray diffraction method. Xray crystallographic studies of 7a and 7f (Figures 2 and 3) show the typical for ferrocene derivatives bond lengths and angles. Apparently, the replacement of one hydrogen atoms bonded to tertiary carbon atom by iPr or Ph group lead to elongation of the distance between substituted thione group with ferrocenyl fragment. In crystal of 7a the presence of NH group lead to formation of centrosymmetric dimers assembled via N-H…S bonds ( Figure S8 ). In crystal packing of 7d due to i-Pr group molecules are assembled to infinite chains along to a side of unit cell ( Figure S9 ). 
Conclusions
Ferrocene containing derivatives of 2-mercaptopothiazoline 5 a-d,f, pyrrolidine-2-thione 6 a-c,e,f and imidazolidin-2-thione 7 a-c,e,f were prepared via the reaction of the α-(hydroxy)alkyl ferrocenes with corresponding heterocycles in acidic media. Under these conditions, the alkylation takes place on the nitrogen of heterocycles and not by sulfur moiety.
Experimental Section
General. Solvents were dried following the standard procedures and distilled under argon prior to use. EI mass spectra were taken on a FINNIGAN POLARIS Q spectrometer at 70 eV and the temperature of the ion chamber 250 °C. 1 H and 13 C NMR spectra were obtained on a Bruker Avance 400 spectrometer (at 400 and 100 MHz, Ferrocenylmethanol (1a) was synthesized from trimethylferrocenylmethylammonium iodide by the known procedure. 23 Ferrocenyl carbinols (1b-e) were synthesized from ferrocene by the Friedel-Crafts acylation with the corresponding acid chlorides and subsequent reduction with lithium aluminum hydride in diethyl ether or THF.
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General Procedure. To a mixture of 1.0 mmol of ferrocenylcarbinol and 1.0 mmol of the corresponding heterocycle in 1.0 ml of methylene dichloride, 0.18 ml of 45 % aqueous solution of fluoroboric acid was added under vigorous stirring. The agitation was continued for 5 min then Et 2 O (15 ml), the same amount of cold water, and 5-10 mg of ascorbic acid were added to the reaction flask. After vigorous shaking of the mixture the organic solution was separated, washed with cold water (3×15 ml), the solvent was removed and the residue was dried over CaCl 2 . All types of products (pyrrolidine as well as imidazolidine and thiazolidine derivatives) were equally purified, namely by column chromatography (silica, eluent hexane EtOAc 3:1), and solids obtained after chromatography were crystalized from ethanol. 
1-(1-Ferrocenylmethyl)pyrrolidine-2-thione (5а
1-(1-Ferrocenylethyl)pyrrolidine-2-thione (5b
X-ray crystallography
Single-crystal X-ray diffraction experiments for 5f, 7a and 7e were carried out at 100 K on a Bruker APEX II diffractometer. Crystal data and experimental parameters are summarized in Table S1 . The structures were solved by direct methods and refined by full-matrix last-squares technique for non-hydrogen atoms in the anisotropic approximation. All H-atoms were placed in the geometrically calculated positions and included in the refinement using the riding model approximation with the U iso (H) = 1.2U eq (C) for the methylene and U iso (H) =1.5 U eq (C) for methyl groups. All calculations calculations were carried out on IBM PC using SHELXTL program. 25 Molecular graphics was produced by OLEX2 program. 26 All measurements were carried out in of Center for molecular composition studies of INEOS RAS. Crystal data for 5f, 7a and 7e were deposited in the Cambridge Crystallographic Data Centre (deposition numbers CCDC 1583214-1583216). These data are freely available from the Cambridge database upon request through the web page www.ccdc.cam.ac.uk/data_request/cif.
